Yellow rust, caused by Puccinia striiformis f. sp. tritici, is one of the most important diseases of wheat in Ethiopia. Poor knowledge of resistance genes deployed in Ethiopian wheat cultivars is one major factor for recurrent epidemics of rust diseases. Molecular marker based gene identification showed the presence of Yr1, Yr4, Yr6, Yr7, Yr9, Yr10, Yr17 and Yr18 in various frequencies, whereas Yr8 was not detected in any of the tested 74 bread wheat genotypes. Yr7 was the most frequent (74%) followed by Yr6 (56%) and Yr 18 (37%) whereas Yr1 and Yr4 were detected in lower frequency (7 and 14%), 
INTRODUCTION
Wheat is one of the staple food crops cultivated by 5 million small scale farmers in Ethiopia. It is ranked fourth in land coverage and total production after teff, maize and sorghum (CSA, 2017) . Yellow rust, caused by Puccinia striiformis f. sp. tritici, is one of the most important diseases of wheat that incurs 30 to 69% yield loss in Ethiopia (Badebo et al., 2008) . Growing yellow rust resistant cultivars is widely recognized as the most ecofriendly and economically feasible approach. Since the 1970s, more than 100 bread wheat varieties have been *Corresponding author. E-mail: woubit123@yahoo.com. Tel: 251911658400. released in Ethiopia. However, the resistance is not lasting long due to the development of new virulent races of the pathogen. Poor knowledge of resistant genes deployed in Ethiopian wheat cultivars is one of the major reasons for recurrent epidemics of rust diseases. Those cultivars may be protected by the same resistance gene(s) or combinations, which could increase selection pressure for the corresponding virulent races. To date, more than 67 yellow rust resistant genes have been reported in wheat and its wild relatives (McIntosh et al., 2013) . Most of these genes condition race-specific resistance and many have been overcome by the emergence of new races.
The most effective strategy for protecting wheat from rust is to deploy cultivars with combinations of different resistance genes. For this, information on the resistance genes in major cultivars is of paramount importance. The traditional way of gene postulation requires multi-pathotypes testing in which a host cultivar is evaluated against a collection of isolates carrying different avirulence/ virulence gene combinations (pathotypes) on the basis of phenotypic expression in the form of infection types (ITs). As an alternative to gene postulation, presence of resistance genes can be determined by testing host cultivars with molecular markers linked to resistance genes. This approach overcomes gene interactions and plant stage dependent gene expression problems associated with traditional gene postulation (Vanzetti et al., 2011) .
Currently, there have been advances in development and mapping of molecular markers that are diagnostic for major Yr genes (Mago et al., 2002; Eriksen, 2004; Li and Niu, 2007; Bansal et al., 2009; Krattinger et al., 2009; Jia et al., 2011; Cabuk et al., 2011; Liu et al., 2014; Yaniv et al., 2015; Ahmad et al., 2015) . These markers provide an important tool to plant breeders for marker assisted wheat breeding and also for pyramiding resistance genes in the absence of distinguishable rust virulences (Kaur et al., 2008) . This study was conducted to identify yellow rust resistant gene (s) that are present in commercial bread wheat cultivars and elite lines using molecular markers linked to Yr genes, assess the effectiveness of the identified Yr genes to the prevailing races under field conditions in Ethiopia, and to evaluate genetic variations among the wheat cultivars and elite lines.
MATERIALS AND METHODS

Plant materials
A total of 58 commercial bread wheat cultivars, 16 elite lines and 15 reference lines with known Yr genes and a negative check, Morocco, with unknown Yr genes and PBW345 were included in this study. All the wheat materials were obtained from the Ethiopian Institute of Agricultural Research (EIAR), KARC, Ethiopia. The list of wheat genotypes together with their additional information is shown in Supplementary Table 1.
Field testing
All wheat genotypes were evaluated for yellow rust reaction in three locations, namely, Mararo, Arsi Robe and Kulumsa under natural infection in 2016 and 2017. The materials were sown in two rows of 1 m length with 0.20 m spacing between rows. For scoring yellow rust severity in the field, the modified Cobb Scale (Peterson et al., 1948) was used to determine the percentage of tissue infected with rust. The host response to infection in the field was scored using ''R'' or resistant (small uredinia surrounded by chlorosis or necrosis); ''MR'' or moderately resistant (medium sized uredinia surrounded by chlorosis or necrosis); ''MS'' or moderately susceptible (medium large compatible uredinia without chlorosis and necrosis); and ''S'' or susceptible (large, compatible uredinia without chlorosis and necrosis). Disease severity and host response data were combined in a single value called the coefficient of infection (CI). The average coefficient of infection (ACI) was used for host response: immune = 0.0, R = 0.2, MR = 0.4, MS = 0.8, and S = 1.0.
Molecular markers
Two closely linked (usually flaking) markers of each of the major Yr genes were chosen to identify its presence/absence in wheat genotypes/materials, except a few genes for which only one closely linked marker was reported. A total of 31 markers that are linked to yellow rust resistant genes were used to identify Yr genes from the test materials as well as for genetic diversity analysis. Primer names, forward and reverse primer sequences, expected amplified fragment size in base pairs, and annealing temperature are shown in Table 1 .
DNA extraction
DNA was extracted from 2 weeks old fresh leaves harvested and pooled from five seedlings of each accession and stored cryogenically at -80°C. Extraction from frozen leaves was performed using the modified cetyl trimethylammonium bromide (CTAB) method described by Doyle and Doyle (1990) .
PCR amplification and fragment analysis
Polymerase chain reactions (PCR) were performed in Perkin-Elmer (Norwalk, CT) thermocyclers in a total volume of 25 μl containing 50 to 100 ng each template DNA, 250 nM cy5-labelled forward primer, 250 nM unlabelled reverse primer, 0.2 mM dNTPs, 2.5 μl PCR buffer (10x), 1.5 mM MgCl2, and 1U Taq DNA polymerase. After 3 min at 94°C, 45 cycles were performed with 1 min at 94°C, 1 min at either 50, 55, or 60°C (depending on the individual primer), 2 min at 72°C, and a final extension step of 10 min at 72°C. The PCR product was denatured at 94°C for 2 min and placed on a cold block until use. Each sample of 6 μl (4 μl PCR product and 2 μl internal markers) and one external standard marker of 6 μl were loaded in the preheated gel. For SSR markers, fragments were detected by an Automated Laser Fluorescence (ALF express) sequencer (Amersham Biosciences) and fragment sizes were calculated using the computer program Fragment Analyser 1.02 (Amersham Biosciences) by comparison with internal size standards. The EST-SSR, STM and SCAR markers were resolved in 2.0% agarose gels by loading 15 μl PCR products and the amplified fragments were stained with ethidium bromide and photographed.
Data analysis
Presence of Yr genes in the wheat genotypes was counted for each yellow rust resistance gene based on presence of the fragment sizes of both flaking markers, except for a few genes where one closely linked marker has been reported. This was explained by comparing with the reference lines with known Yr genes. For genetic diversity analysis, amplification profile of markers was recorded with each band representing a different allele, with a particular primer pair. Each allele was scored on the basis of Dawit et al. 41 presence of a band (scored as 1) and its absence (scored as 0) for generating a binary matrix which was further used to calculate Jaccard's similarity coefficients for each pair of parents following NTSYS-PC program (Rohlf, 2000) . Allelic Polymorphic Information Content (PIC) for each primer locus and genetic diversity was analysed with Power Marker version 3.25 Software (Liu and Muse, 2005) .
RESULTS
Yellow rust reactions in field test
Average coefficient of infection of yellow rust for the wheat genotypes tested at three locations (Kulumsa, Arsi robe and Meraro) during 2016 and 2017 is shown in Table 2 . Of the 74 test genotypes, nine cultivars showed resistance (R) with 0 to 10 ACI, 11 cultivars exhibited resistance to moderate resistance (R-MR) with ACI value of 10 to 20 and 14 genotypes showed moderately resistance (MR) with ACI value of 20 to 30, whereas 8, 9 and 23 of the genotypes exhibited moderately resistant to moderately susceptible (MR-MS), moderately susceptible (MS) and susceptible (S) with ACI values in ranges of 30 to 40, 40 to 50, and >50, respectively.
Identification of yellow rust resistance (Yr) genes using molecular markers
Yellow rust resistant gene, Yr1
Yr1 is a seedling resistance gene which is located on chromosome 2AL. An EST-SSR marker, BU099658 and STM marker, Stm673acag (1.1 cM linkage with Yr1 gene) were used to identify this gene in 74 wheat genotypes. The expected fragment size for BU099658 marker was 206 bp (Hasancebi et al., 2014) . In the present study, the marker amplified DNA fragment sizes of 157 to 206 bp. The amplified fragment at 206 bp was monomorphic and detected in all the tested materials including the reference line (Yr1/6*Avocet S). The polymorphic DNA fragment size, 162 bp, which was produced in the reference line was used for identification of Yr1 gene. In this regard, the presence of Yr1 was detected in 11 (15%) of the genotypes. The expected fragment size for the second marker, Stm673acag was 120 to 124 bp (Bansal et al., 2009 ). This marker amplified fragment sizes from 118 to 129 bp in this study. The polymorphic fragment size of 129 bp which was produced in the reference line was used to predict theYr1 gene. Yr1 was identified in 11 (15%) of the tested genotypes. Only 5 (6.7%) of the genotypes exhibited similar fragment size to the reference lines for both markers.
Yellow rust resistant gene, Yr4
Yr4 which is synonymous with Yr4a, and Yr4b was (Table 2) .
Yellow rust resistance gene, Yr6
Li and Niu (2007) (Table 2) . Of the identified genotypes that possess this gene, 42 (56%) of them showed similar results for both markers.
Yellow rust resistant gene, Yr7
Yr7 was first identified in wheat (Triticum aestivum L.) cultivar 'Lee'. It is located on the chromosome 2B (Deng et al., 2004) . It is one of the Yr genes that was used widely by CIMMYT during the1970s and 1980s, and has been deployed in many commercial cultivars in Ethiopia. An SSR marker, Xgwm556, which is linked at 5.3 cM to the target gene was used to genotype for Yr7. The marker allowed null allele on nine of the tested genotypes. The fragment sizes produced by other genotypes varied between 131 and 160 bp. The marker amplified two different fragment sizes on two of the reference lines (Lee and Yr7/6*Avocet S). Thirty-two of the genotypes showed a fragment size of 157 bp, similar to Yr7/6*Avocet S. A fragment size of 159 bp was observed in 26 genotypes, which was similar to Lee. Six genotypes showed fragment sizes similar to the reference lines. Therefore, 55 (74%) of the genotypes that showed fragment sizes similar to the two reference lines were considered to possess Yr7 gene.
Yellow rust resistant gene, Yr8
Yr8 is located on chromosome 2D. SSR marker Xgwm157 was linked to Yr8 with a map distance of about 1.1 cM. The marker amplified a fragment size of 120 bp in wheat lines that possessed Yr8 genes. In this study, this marker amplified the expected fragment size (120 bp) in the reference line, Yr8/6*Avocet S only, whereas none of the tested wheat genotypes amplified fragment sizes similar to the reference lines, indicating the absence of this gene in all the tested genotypes (Table 3) .
Yellow rust resistant gene, Yr9
Yr9 was transferred to wheat through chromosomal translocation of 1B/1R and is linked to the Lr26, Sr31 and Pm8 resistance genes (Zhou et al. 2004) . It is common in CIMMYT-originated bread wheat cultivars. SSR marker Xgwm582 and a resistance gene analogue (RGA) clone marker (iag95) were linked to the Yr9 gene (Cabuk et al., 2011; Mago et al., 2002) . Marker Xgwm582 amplified three bands (142, 149 and 152 bp) on the reference line. The observed fragment size, of 152 bp, was monomorphic, and it was observed in all the tested wheat genotypes. The fragment size of 142 bp which was amplified on chromosome 1B/1R where the target gene (Yr9) was located was used to haplotype this gene in the tested materials. Based on this, marker Yr9 was detected in 34% of the genotypes. On the other hand, based on RGA iag95 marker (gene specific marker), 36% of the wheat genotypes possess Yr9. Of the identified wheat genotypes, 25 (32%) of them were amplified by both markers (Figure 1 ).
Yellow rust resistant gene, Yr10
Yr10 was originally found in wheat line PI 178383 and located on the short arm of chromosome 1B. Singh et al. (2009) 
Yellow rust resistant gene, Yr17
Wheat yellow rust resistance gene, Yr17, in combination with Lr37 (leaf rust resistant gene) and Sr38 (stem rust resistant gene) are located within a segment of Triticum ventricosum chromosome 2NS translocated to the short arm of wheat chromosome 2A (Helguera et al., 2003) . VENTRIUP-LN2 primers were 2NS specific and the 259 bp PCR amplification product was observed only in plants carrying the 2NS translocation. This marker amplified a fragment size of 259 bp on 26 (35%) entries to have Yr17 similar to the reference line (Yr17/6*Avocet S). Likewise, SC-385 amplified a fragment size of 378 pb in the reference line. Based on this marker, Yr17 was identified in 24 (32%) of the tested genotypes. These two markers exhibited a different output for nine of the genotypes. Based on these two markers, 21 (28%) of the genotypes carry this gene.
Yellow rust resistant gene, Yr18
The adult plant resistance gene Yr18 was located on the same chromosome segment containing the Lr34 gene and is tightly linked with it (Singh, 1992b) . Additionally, their co-segregation with other traits such as leaf tip necrosis (Ltn1), powdery mildew resistance gene (Pm38), and tolerance to barley yellow dwarf virus (Bdv1) has been reported (Liang et al., 2006; Singh, 1992a; Spielmeyer et al., 2005) . Wms298 (Cabuk et al., 2011) and a gene specific marker L34DINT9F, L34PLUSR (Krattinger et al., 2009 ) were used to haplotype this gene. Of the 74 entries, 33 (45%) and 28 (36%) were found to carry Yr18 according to these markers, respectively. All the wheat genotypes which were genotyped by L34DINT9F, L34PLUSR marker showed the presence of this gene by the second marker, Wms298.
Contribution of the identified yellow rust resistance (Yr) genes
The contribution of each Yr gene to yellow rust resistance was evaluated in differential lines that possessed the individual Yr gene. As shown in Table 2 and Figure 2 , the differential lines carrying Yr9 and Yr8 had the highest ACI value (83 each) followed by Yr6 and Yr7 with ACI values of 82 and 80, respectively. The lowest (46.4) value was exhibited on a differential line that carried Yr4. The ACI values in the other differential lines that carried Yr1, Yr10, Yr17 and Yr18 were 62, 60, 77 and 78, respectively. This indicates that the identified resistance genes do not provide sufficient protection to wheat yellow rust if 
Relationship between the number of pyramided genes and yellow rust resistance
Relationship between the number of pyramided genes and yellow rust resistance is as shown in Figure 3 two genes with an ACI value of 32.
Genetic diversity
A total of 212 alleles were detected with the 29 markers linked with Yr genes reported on A, B and D genomes. The number of alleles per locus ranged from 1 to 17 with an average of 7.24 alleles per locus. The highest number of alleles (17) was detected for marker Xwms389, which was linked to Yr57 (Table 3) . Genetic diversity values ranged from 0.28 to 0.97, with the highest value of 0.98 detected for marker Xwmc389. The lowest genetic diversity value was observed for marker Xwmc198. The mean genetic diversity value was observed to be 0.77. In this study, the polymorphism information (PIC) content value ranged from 0.31 to 0.98 with an average of 0.75. The highest PIC was detected by Xgwm389, which is linked to Yr57, whereas the lowest was detected by SC-385, which is linked to Yr17.
DISCUSSION
The development of molecular markers for mapping resistance genes to yellow rust and of marker-assisted selection (MAS) has been among the most active areas of research in wheat. The accuracy of MAS is affected by the distance between the target gene and the linked markers. Randhawa et al. (2014) stated that markers used to map a gene may not be suitable for detecting the gene in diverse genetic backgrounds. In the present study, genotyping was performed only for those yellow rust resistance genes where reference lines were available as positive controls. The presence of Yr genes in the wheat genotypes was counted for each yellow rust resistance gene based on the presence of the fragment sizes of two flanking markers, except for a few genes where only one closely linked marker has been reported.
Molecular marker based gene identification showed the presence of Yr1, Yr4, Yr6, Yr7, Yr9, Yr10, Yr17 and Yr18 in various frequencies. On the other hand, Yr8 gene was not detected in any of the tested wheat genotypes. Yr7 is the most frequent (74%) followed by Yr6 (56%), Yr18 (37%) and Yr9 (32%) whereas Yr1 was detected at the lowest frequency (7%), followed by Yr4 (14%). Yr6 and Yr7 are located on chromosomes 7BS and 2BL, respectively, and they confer all stage resistance (ASR) to yellow rust. Yr9 was transferred to wheat through chromosomal translocation of 1B/1R (Zhou et al., 2004) . These three genes were used widely by CIMMYT and have been deployed in many commercial cultivars (Van and Rajaram, 1993) . Badebo et al. (1990) reported that Yr9 gene was the most frequently (67%) identified gene from Ethiopian commercial and advanced bread wheat genotypes. But in this study, this gene was only detected in 35% of the genotypes, which may indicate the reduction of the previously widely applied Yr9 gene in the country. However, yellow rust resistance in wheat is dominated by few Yr genes, such as Yr7 and Yr6, which were present in 74 and 56% of the tested varieties and lines, respectively. A diversity reduction of resistant varieties is unfavorable for breeding varieties with durable resistance. With extensive deployment of numerous commercial cultivars throughout the world, virulence for these genes was wide spread. Chen et al. (2002) reported occurrence of high virulence frequency to Yr2, Yr6, Yr7, and Yr9 in most wheat producing areas of the world. Virulence frequency as high as 90% was recorded for Yr6 and Yr7 to Pst isolates collected internationally (Sharma-Poudyal et al., 2013) . In Ethiopia, virulence frequencies of 92 to 100% were recorded among 107 isolates collected in 2005 from different parts of the country (Dawit et al., 2012) . The average coefficients of infection (ACI) exhibited in the present study were 82 (Yr6), 80 (Yr7) and 83 (Yr9), indicating the inefectiveness of these genes in the country.
The adult plant resistance gene Yr18 is located on chromosome 7DL and is tightly linked with leaf rust resistant gene, Lr34 (Singh, 1992a) . Additionally, their cosegregation with other traits such as leaf tip necrosis (Ltn1), powdery mildew resistance gene (Pm38), and tolerance to barley yellow dwarf virus (Bdv1) has been reported (Liang et al., 2006; Singh, 1992a; Spielmeyer et al., 2005) . This multi-pathogen resistance locus is a valuable source of resistance in wheat breeding. The use of the slow rusting gene pair Lr34/Yr18 in combination with other slow rusting genes has been suggested to contribute to near immunity to leaf and yellow rust infections (Singh et al., 2000) . Using a sequence specific marker (L34DINT9F, L34PLUSR) that indicated the presence of the cloned Yr18 in the genomic DNA accurately, this gene was detected in 37% of the tested bread wheat genotypes. Singh (1992a) reported that despite the contribution of this gene in many countries, wheat genotypes with Yr18 displayed inadequate resistance in some locations in Ecuador and Kenya. In the present study, an ACI value of 78 was recorded on the differential line that possessed this gene, which may indicate the ineffectiveness when used alone in Ethiopia. However, more than 67% of the bread wheat genotypes that possessed Yr18 in different Yr gene combinations exhibited ACI values lower than 78. This study is the first report on the presence of the adult plant resistant gene, Yr18, in Ethiopian bread wheat genotypes. Those genotypes that were identified to possess Yr18 may also possess leaf rust resistance gene (Lr34) and other genes linked to Yr18 such as Pm38.
Yellow rust resistance gene, Yr17 together with other genes such as Lr37 and Sr38 are located within a segment of T. ventricosum chromosome 2NS translocated to the short arm of wheat chromosome 2A (Helguera et al., 2003) . The resistant gene Yr17 was used in many breeding programs to develop resistant cultivars (Eugene et al., 2015) . The yellow rust reaction on wheat seedlings with this gene is influenced by environmental conditions (for example temperature) and genetic background (Eugene et al., 2015) . Thus, it is very difficult to apply gene postulation to identify this gene in wheat genotypes. The VENTRIUP-LN2 marker, which is 2NS specific and amplifies a 259 bp PCR product only in plants carrying the 2NS translocation, was used together with the second marker SC-385 for genotyping of this gene. These markers identified 24 (32%) of the entries to have Yr17 in the present study. Those wheat genotypes that are genotyped to have Yr17 may also carry leaf rust (Lr37) and stem rust (Sr38) resistance genes. Earlier reports indicated that Yr17 was postulated to be present only in three (7%) of the tested Ethiopian bread wheat genotypes (Badebo et al., 2008) . On the contrary, Yr17 was widely deployed in European wheat cultivars and a virulence frequency close to 100% has been reported in Northern European countries (Villaral et al., 2002) . Yellow rust resistance gene Yr17 was effective with regard to the prevailing races in East Africa Badebo and Stubbs, 1995) . Similarly, Dawit et al. (2012) reported the effectiveness of Yr17 gene under Ethiopian conditions. In the same report, a virulence frequency of 14% was exhibited on this gene by isolates collected from Ethiopia, but there was no indication for the presence of these genes in the tested Ethiopian wheat cultivars. In the present study, the exhibited ACI on Yr17 was 77, which may indicate that this gene is no more effective to the prevailing races in the country.
In addition to the aforementioned yellow rust resistant genes, this study identified the seedling resistant genes Yr1, Yr4 and Yr10. Yr1 is located on chromosome 2AL. Virulence to Yr1 has been found in several countries of the world (Wan et al., 2017) . But, the virulence frequency is high in East Africa where 166 Chinese wheat cultivar originated (Zhan et al., 2016) . For instance, virulence frequencies of 50 and 74% were recorded in Kenya and Ethiopia, respectively (Sharma-Poudyal et al., 2013) . Similarly, high yellow rust disease intensity with ACI value of 62 was exhibited in the present study. Bansal et al. (2009) reported a molecular marker, stm673acag, that amplified 120 and 124 bp products in most lines carrying Yr1 gene, but in the present study the marker amplified a 129 bp fragment size, which may be due to technical reasons. Hasancebi et al. (2014) reported the second marker, bu099658 that is linked to Yr1 gene. This marker amplified 206 bp only in those lines that possessed Yr1 genes, including Yr1/6*Avocet S. However, this marker amplified 162 bp product on the positive control (Yr1*Avocet S). Both markers were used to haplotype Yr1 in the present study but showed different results. Thus, only 5 (7%) of the genotypes that exhibited a fragment size similar to both markers were considered to possess this gene. According to Bansal et al. (2009) stm673acag is used to haplotype both Yr1 and Sr48, thus those wheat genotypes identified to possess Yr1 may have also stem rust resistant gene Sr48.
Yr4 is originally derived from common wheat and is synonymous with Yr4a and Yr4b, and it is located on chromosome 3B A microsatellite marker, Barc075, which is 2.4 ± 1.2 cM distal to YrRub/Yr4 on chromosome 3BS, was used for genotyping. This marker was initially linked to uncharacterized resistant gene (YrRub) in Australian wheat cultivar Rubric. Later, the marker was tested in genotypes known to carry Yr4 (Hybrid 46 and Avalon). Based on the amplification of the Rubric-specific PCR products at Barc075 loci, it was concluded that YrRub could be Yr4 (Bansal et al., 2010) . In the present study, the marker amplified a single 105 bp band in the reference line, Yr4/6*Avocet S. After evaluation by this marker, 11 (14%) of the bread wheat cultivars showed a similar band size to the reference line. Two of the cultivars (HAR723 and HAR820), which were previously reported/postulated to have the Yr4 gene (Badebo, 1990 ) exhibited a similar fragment size to the reference line. This further confirms the probability of YrRub to be Yr4. Yellow rust resistant gene Yr4 was effective in East Africa with regard to the prevailing races (Badebo and Stubbs, 1995) . A low virulence frequency of 6% was recorded in Ethiopia (Dawit et al., 2012) . In the present study, Yr4 exhibited an ACI of 50, which may indicate that this gene is no more effective if it is used alone. Yr10 originated from bread wheat and is located on the short arm of chromosome 1B (It is one of the resistant genes that confers high resistance to Pst races in Pakistan (Farrakh et al., 2016) and China (Zheng et al., 2017) . In Ethiopia, a yellow rust severity as high as 40% was recorded on the differential lines that possessed this gene. By using a gene specific marker, Yr10 is confirmed to be present in 16% of the tested wheat genotypes.
Gene pyramiding, combining multiple Yr genes in a single genotype is an important strategy to develop durable rust resistant cultivars. The ACI value that was recorded on the genotypes that possessed the maximum number (five) of resistance genes was 42. Cultivars with four and three genes exhibited 36.19 and 42.01 ACI, respectively. This may indicate that pyramiding of those identified genes may not provide sufficient protection against the prevalent races in the country. Thus, there is an urgent need to search for more effective resistance genes to be incorporated in Ethiopian bread wheat cultivars. On the contrary, ACI values ranging from low (8.9) to high (70) were exhibited in cultivars Gassay and Shina, respectively with one gene. Those cultivars with low average coefficient of infection may indicate the presence of additional Yr genes that were not identified in the present study.
The number of alleles per locus ranged from 1 to 17 with an average of 7.24. Genetic diversity values ranged from 0.28 to 0.98, with the highest value of 0.98 detected for markers Xwmc389 and P6M12-P. The mean genetic diversity values were observed to be 0.75. The polymorphic information content (PIC) value ranged from 0.24 to 0.98 with an average of 0.73. The highest PIC value was detected by Xgwm389, which is linked to Yr57, whereas the lowest was by Yr10F & R, linked to Yr10.
The evidence in this study on the basis of genetic diversity and the presence of Yr genes in the improved wheat genotypes will be helpful for developing appropriate breeding strategies to broadening the genetic base in future wheat breeding programs in Ethiopia.
